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The present study uniquely examined the influence of old age and adiposity on maximal 
concentric and eccentric torque and fatigue of the elbow (EF, EE) and knee (KF, KE) flexors 
and extensors. 40 males were recruited and categorised into young (n=21, 23.7±3.4) and old 
(n=19, 68.3±6.1) and then further into normal (young = 16.9±2.5%, old = 20.6±3.1%) and high 
adiposity (young = 28.9±5.0%, old = 31.3±4.2%) groups. Handgrip strength, sit-to-stand 
performance, and isokinetic assessments of peak torque at 60°, 120° and 180° s-1 were 
measured. Older men produced significantly less concentric and eccentric peak torque 
(P<0.016) but this was not influenced by adiposity (P>0.055). For KE and KF, high adiposity 
groups demonstrated reduced peak torque normalised to body mass (P<0.021), and muscle 
and contractile mode specific reduction in torque normalised to segmental lean mass. 
Eccentric fatigue resistance was unaffected by both age and adiposity (P>0.30) and perceived 
muscle soreness, measured up to 72 hours post, was only enhanced in the upper body of the 
young group following eccentric fatigue (P=0.009). Despite the impact of adiposity on skeletal 
muscle function being comparable between ages, these results suggest high adiposity will 
have greater impact on functional performance of older adults.  
Novelty: 
• Irrespective of age, high adiposity may negatively impact force to body mass ratio and 
muscle quality in a muscle and contractile mode specific manner.  
• Whilst the magnitude of adiposity effects is similar across ages, the impact for older 
adults will be more substantial given the age-related decline in muscle function. 




ADLs Activities of daily living 
ANOVA Analysis of variance 
EE Elbow extensors  
EF Elbow flexors 
IKD Isokinetic dynamometry 
KE Knee extensors  
KF Knee flexors 
OAs Older Adults 
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 Recent research indicates that obesity may be detrimental to skeletal muscle function 
(Maffiuletti et al. 2013; Bollinger 2017; Tallis et al. 2018). However, current work has focused 
on isometric (force produced whilst the muscle remains at a constant length) and concentric 
(force produced during shortening) muscle actions of the lower extremities (Miyatake et al. 
2000; Hulens et al. 2001; Villareal et al. 2004; Maffiuletti et al. 2007; Capodaglio et al. 2009; 
Paolillo et al. 2012; Tomlinson et al. 2014b). Effects of obesity on eccentric (force produced 
during lengthening) muscle actions have not been thoroughly considered. Adequate eccentric 
force is important for maintaining balance, deacceleration and absorbing impact (Delbaere et 
al. 2003; Nishikawa et al. 2018). As such, eccentric muscle function is important for physical 
activity and the completion of activities of daily living (ADLs) including stair descents, 
descending into a seated position and dynamic balance (Choi 2016; Nishikawa et al. 2018). 
Obesity effects on isometric and concentric muscle function may not directly translate to 
eccentric performance. Potential effects of adiposity on the physiological mechanisms 
resulting in eccentric force production are currently unknown and given differences in 
mechanisms resulting in concentric and eccentric force production (Herzog et al. 2016), 
adiposity effects may not be uniform across contractile modalities. Given that changes in 
concentric and isometric muscle performance are similar in muscle ageing and adiposity it 
may be that eccentric function is better preserved compared to concentric and isometric 
contractile function in obesity as in aging (Roig et al. 2010). Furthermore, excessive adiposity 
is likely to increase eccentric demand (Tallis et al. 2018), particularly during stabilisation and 





There is a growing suggestion that obesity may exacerbate the muscle ageing response 
(Tomlinson et al. 2014c; Hill and Tallis 2019; Eshima et al. 2020). Ageing and obesity induced 
declines in muscle function share similar mechanistic responses, such as, impaired excitation 
contraction coupling, shifts in fibre type composition and a reduction in myogenesis (Tallis et 
al. 2018; Larsson et al. 2019). Unlike in a young population, obesity has been shown to have 
little effect on the absolute force producing capacity of elderly muscle (Maffiuletti et al. 2013). 
However, obesity can result in a decline in force to body mass ratio (Miyatake et al. 2000; 
Villareal et al. 2004; Paolillo et al. 2012; Tomlinson et al. 2014b) and force normalised to 
muscle size (muscle quality), irrespective of age (Villareal et al. 2004; Tomlinson et al. 2014c; 
Valenzuela et al. 2020). Diminished muscle quality reflects reduced contractile function per 
unit of muscle size, and in the case of obesity, results in larger, heavier muscles and in turn an 
increased force requirement for movement. (Tallis et al. 2018). Despite this important insight, 
understanding of obesity induced changes in skeletal muscle function is limited. Previous 
research typically focuses on a single muscle group and a single mode of contractility 
(isometric or concentric), with limited assessment of muscular fatigue or direct comparisons 
between young and older groups (Miyatake et al. 2000; Villareal et al. 2004; Capodaglio et al. 
2009; Paolillo et al. 2012; Erskine et al. 2017). Work examining the effect of obesity on 
eccentric function and the concomitant effects of obesity and increasing age on muscle 
function has been identified as an area of priority (Tallis et al. 2018) 
 
As such, the present study used isokinetic dynamometry (IKD) to uniquely examine the effects 
of high adiposity and older age on concentric and eccentric maximal voluntary torque and 
fatigue resistance of the elbow flexors (EF) and extensors (EE) and knee flexors (KF) and 
extensors (KE). Torque values were also normalised for body mass and segmental muscle 
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mass, the latter as an indication of muscle quality.  Measures of hand grip strength (HGS) and 
sit to stand (STS) kinetics were used to determine whether differences in concentric and 
eccentric function were detectable in assessments frequently used as a muscle health 
screening tool (Beaudart et al. 2019). STS performance also served to provide insight into the 























All procedures were conducted following ethics approval from Coventry University (P76153). 
Participants visited the human performance laboratory at Coventry University on three 
occasions. Participants provided written consent and upon each visit completed a 
departmental health screening questionnaire. Visits were separated by a minimum of seven 
days and assessments were performed at the same time of day on each occasion.  Participants 
were required to be healthy, non-resistance trained, have no contraindications to exercise, 
nor suffer from uncontrolled hypertension. Participants were asked to abstain from vigorous 
physical activity 48 hours prior to testing and to empty their bladder upon arrival.  Participants 
(N=40) were categorised into young (18-30) or old (60-80), then sub categorised by age 
specific body fat percentage (%) into young normal adiposity (YNa; 8-19.9%; N=10), young 
high adiposity (YHa; >20%; N=11), old normal adiposity (ONa; 13-24.9%; N=11) and old high 
adiposity  (OHa; >25%; N=8), derived using hand to foot multi frequency bioelectrical 
impedance analysis (MF-BIA; following instructions from the manufacturer, which utilised 
boundaries from Gallagher et al. [2000]). Participant information and anthropometric data 




The intention of the first visit was to familiarise participants to the experimental 





Shoes, heavy clothing, and jewellery were removed prior to measures being taken. 
Height was measured using a stadiometer (SECA Instruments Ltd., Germany). Body 
composition was then determined using hand to foot MF-BIA (TANITA MC-780, TANITA, 
Japan; impedance frequencies 5, 50 and 250kHz). MF-BIA has previously been shown to have 
acceptable accuracy for overall and segmental adiposity and lean mass, when compared to 
dual-energy X-ray absorptiometry (DEXA) and is a reliable method of obtaining body 
composition measures in the populations being used (Faria et al. 2014; Yamada et al. 2017). 
MF-BIA devices have been developed to allow for measurements at any time of the day, 
without the need to impose nutritional constraints (Verney et al. 2015). From BIA assessment, 
body mass (kg), overall and segmental adiposity (%) and muscle mass (kg) of the limbs and 
trunk, and body mass index (BMI) were all recorded. All values recorded were measured to 
the nearest 0.1 kilogram or percentage.  
 
Sit to Stand 
Measures of lower extremity function were obtained through three consecutive STS 
on a force plate (AMTI, AccuGait) sampling at 100Hz (Regterschot et al. 2016). During the STS, 
arms were folded across the chest (Jannsen et al. 2002), and participants were instructed to 
stand up as quickly as possible from the chair (seat height 45cm; width 41cm; depth 38.5cm; 
floor to center of back support 68cm) and remain standing for a minimum of ten seconds 
before sitting down. Participants were given verbal queues on when to rise and sit down. Peak 
propulsive force normalised to body mass (N.kg-1), rate of force development (RFD; N.kg-1 s-1) 
and time to stabilisation (TTS; s) were recorded from each trial. RFD was calculated by dividing 
the peak force in the standing phase of the movement by time to peak force. Time to 
stabilisation (s) was calculated by subtracting the time to which the participant is within 5% 
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of body weight (Wikstrom et al. 2005) for the first of 50 data points by the time at which peak 
propulsive force occurs. The average results of the three consecutive STS were taken for each 
trial. All calculations for STS were completed in Microsoft Excel (Windows v. 2016). 
 
 Handgrip Strength 
Handgrip strength (HGS; kg) was measured using an isometric hand dynamometer 
(Takei Physical Fitness Test, GRIP-D, Takei Scientific instrument Co. LTD, Japan). Participants 
were instructed to stand upright, with their arms by their side, whilst gripping the 
dynamometer maximally (Yeung et al. 2018). Assessment of handgrip was performed three 
times with the dominant hand for approximately 2-3 seconds, with peak HGS being recorded. 
Each attempt was separated by 60s rest. Participants were given verbal queues on when to 
grip the device. Previous literature has proposed that assessing HGS can be a cost effective 
and valid predictor of overall muscle strength in young and older adults (OAs) (Wind et al. 
2010; Bohannon et al. 2012) 
 
Isokinetic Dynamometry 
Skeletal muscle contractile performance was further assessed using IKD, in accordance 
to previously published protocols (Impellizzeri et al. 2008; Tallis et al. 2016). Initially, 
participants completed a standardised upper body warm-up, consisting of five minutes of arm 
crank ergometry (Monark 857E Ergomedic, Monark, Varberg, Sweden) using an unloaded 
cradle and a fixed cadence of 70 revs min-1. This was immediately followed by 5 minutes of 
dynamic stretches, focusing on the elbow flexors and extensors. Maximal voluntary isokinetic 
concentric and eccentric torque (N.m) of the elbow flexors and extensors for the dominant 
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side were measured using IKD (Cybex NORM, Humac2009, v10.000.0082, CA, USA) set up in 
accordance with the manufacturer’s instructions. Participants were strapped to the 
dynamometer chair in a supine position. The rotational axis of the dynamometer head was 
aligned with the lateral epicondyle of the humerus. A hand grip bar at the opposing end of 
the lever arm was adjusted to the length of the hand and forearm to allow the participant a 
comfortable grip. Participant settings were retained and used for subsequent visits. During 
concentric measures, participants were instructed to pull upwards towards their shoulder 
(flexion) and extend their arm outward (extension) as hard a possible through a fixed range 
of 40° - 120° (relative to anatomical zero for the elbow). This range of motion falls within 
ranges used during ADLs (Morrey et al. 1981; Malagelada et al. 2014). During eccentric 
measures, participants were asked to resist the movement of the lever arm moving from 120° 
- 40°. Maximal concentric and eccentric force were measured at angular velocities of 60°, 120° 
and 180° s-1. Participants performed several submaximal attempts at each angular velocity to 
become familiarised with the movements and test speeds (Feiring et al. 1990). During the 
assessment of maximal voluntary torque, participants performed a series of tests at each 
angular velocity, with peak torque occurring within 3 repetitions similar to previous work 
(Sole et al. 2007; Impellizzeri et al. 2008; Tallis and Yavuz 2018). A two-minute rest period was 
implemented between each set to minimise fatigue. Participants were then familiarised to 
part of the fatigue protocol to be used in the experimental trials. Participants completed 10 
consecutive concentric contractions at 180° s-1 of the elbow flexors and extensors. Following 
a 2-minute rest period, participants then completed 10 eccentric contractions at 180° s-1 of 
the elbow flexors and extensors. All torque values collected were corrected for gravity effects 




Participants then completed a standardised warm up of the lower body, consisting of 5 
minutes of cycling (Monark 824E, Ergomedic, Monark, Varberg, Sweden) using an unloaded 
cradle and a fixed cadence of 70 revs min-1, immediately followed by 5 minutes of dynamic 
stretches, focusing on the knee extensors and flexors. The IKD was then set up for the 
assessment of maximal voluntary concentric and eccentric isokinetic torque (N.m) of knee 
flexors and extensors. Participants were strapped to the dynamometer chair in a seated 
position, and the lever arm axis of rotation was aligned with the lateral femoral epicondyle of 
the dominant limb. The distal end of the lever arm was fitted with a shin pad approximately 
3cm above the lateral malleolus. A strap was placed across the midpoint of the upper limb of 
the test leg. Throughout the duration of the test, participants were instructed to hold the 
handles provided on the chair. The range of motion was fixed at 20°-80° (relative to 
anatomical zero for the knee) to ensure all participants were able to generate torque 
throughout the whole movement. The testing protocol was then carried out in the manner 
previously described.  
 
Experimental Trial One: Concentric Muscle Function 
Participants completed the STS, HGS and the concentric IKD protocols, following the 
procedures previously described. Immediately following both the upper body and lower body 
assessments of maximal voluntary force, fatigability was assessed via 5 sets of 10 concentric 
contractions at 180° s-1, with 10 seconds separating each set. Immediately following the 
session and at 24-hour intervals for the following three days, perceived soreness was assessed 
using a visual analogue scale (VAS) (Mattacola et al. 1997). Perceived soreness was recorded 
individually for the upper body and lower body to establish if high adiposity or old age 
exacerbated the delayed onset of muscle soreness following bouts of consecutive 
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contractions. To assess perceived soreness of the lower body participants were instructed to 
assume an unweighted squat of approximately 90 degrees for 3-5 seconds before noting 
soreness. For the upper body, participants were required to extend their arms to near 
anatomical zero in front of them, whilst holding a weighted object and then marked their 
perceived soreness. All absolute torque values were saved and later normalised for body mass 
(torque/body mass; N.m.kg-1) and segmental muscle mass of the limb used (muscle quality; 
torque/segmental muscle mass; N.m.kg-1). 
 
Experimental Trial Two: Eccentric Muscle Function 
Participants were asked to complete only the eccentric IKD protocol. Immediately 
following both the upper body and lower body assessments of maximal voluntary torque, 
fatigability was assessed via 5 sets of 10 eccentric contractions at 180° s-1, with 10 seconds of 
rest separating each set. Immediately following the session and at 24-hour intervals for the 
following three days, perceived soreness was assessed using a visual analogue scale (VAS) in 
the manner previously described. Trials were always performed in the order described as 
recovery from eccentric induced muscle damage is not well known in these populations and 
participants may experience a decline in concentric peak torque more than 7 days post 
eccentric fatigue (Paulsen et al. 2010). 
 
Data Analysis 
 Statistical analysis was performed using SPSS v.25 (IBM SPSS Statistics for Windows, 
IBM Corp, Armonk, NY, USA). All data are presented as mean ± SD. Tests of normality (Shapiro-
Wilk) and homogeneity (Levenes) were utilised to ensure appropriate analysis of data. When 
parametric assumptions were not met, non-parametric alternatives were used where 
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appropriate. As such, Mann-Whitney test was utilised to assess significant differences in age, 
body mass and BMI. When non-parametric equivalents were not possible, data were 
transformed using either log10 or SQRT transformations dependent on if the data was left or 
right skewed. Once transformed, data were reanalysed for normality and homogeneity. 
Comparisons of anthropometric data, absolute torque, torque normalised to body mass and 
segmental muscle mass, HGS and STS performance of experimental groups were measured 
using a two-way analysis of variance (ANOVA), with age and adiposity as the factors. 
Comparisons of percentage torque loss during fatigue protocols were measured using a three 
factor (age, adiposity and set) ANOVA, following arcsine transformation of fatigue data. 
Significant interactions were explored using Bonferroni post hoc for multiple comparisons. 
Partial eta squared (ηp2) was calculated to estimate effect sizes for all significant main effects. 
Thresholds for Partial eta squared effect size were classified as small (<0.05), moderate (0.06-
0.137) or large (>0.138) (Cohen 1988). Cohen’s d was calculated to measure effect size of any 
interactions observed. Cohen’s d was then corrected for bias using Hedge’s g due to the 
appropriate sample size of each experimental group (Hedges 1981). Cohen’s d effect size was 
interpreted as trivial (<0.2), small (0.2-0.6), moderate (0.6-1.2) or large (>1.2) (Hopkins et al. 
2009). The truncated product method (Zaykin et al. 2002) was utilised to combine all P values 
obtained from statistical analysis to determine whether there was a bias from multiple 
hypothesis testing. The P value of < 0.001 obtained from the truncated product method 









 Table 1 displays age and anthropometric measures of participants. Individuals with 
high adiposity had higher body mass, BMI, body fat percentage and muscle mass (P < 0.021, 
ηp2 > 0.140) compared to normal adipose individuals. A main effect of age was observed for 
all characteristics (P < 0.001, ηp2 > 0.301), other than body mass, BMI, trunk fat (%) and left 
arm fat (%) (P > 0.116; ηp2  < 0.040 in each case, except for left arm fat (%) where P = 0.062, 
ηp2 = 0.940). There were no age*adiposity interactions (P > 0.119; ηp2 < 0.074). 
 
Adiposity and Age Effects on Maximal Concentric Muscle Function 
For absolute concentric peak torque of the EF, EE, KF and KE, young individuals 
produced greater absolute torque than OAs (Fig. 1A & D, 2A & D. P < 0.002, ηp2 > 0.263). There 
was no main effect of adiposity (P > 0.185, ηp2 < 0.048 in each case, except for peak torque of 
the EE at angular velocity of 180° s-1 where P = 0.055, ηp2 = 0.099).  
Young (Fig 1B & E, 2B & E. P < 0.009, ηp2 > 0.174) and normal adiposity (Fig 1B & E, 2B & E. P 
< 0.021, ηp2 > 0.144) groups produced greater concentric torque relative to body mass in all 
muscles, when compared to their old or high adiposity counterparts, except at an angular 
velocity of 180° s-1 at the EE, where no significant effect of adiposity was observed (P = 0.086, 
ηp2 = 0.080).  
The young (Fig 1F, 2C & F. P < 0.013, ηp2 > 0.159) and normal adiposity (Fig 1F, 2C & F. P < 
0.041, ηp2 > 0.111) groups KE, KF and EF produced greater concentric torque normalised to 
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segmental muscle mass compared to that of the older and high adiposity groups respectively; 
with the exception of the EF at 120° s-1 where no effect of adiposity was observed (P = 0.086, 
ηp2 = 0.080). There was no effect of age or adiposity observed on concentric muscle quality 
of the EE (Fig 1C. P > 0.233, ηp2 < 0.041).  
There was no age*adiposity interaction observed for absolute peak concentric torque, peak 
concentric torque normalised to body mass or peak concentric muscle quality in any of the 
muscle groups (P > 0.085, ηp2 < 0.065). 
 
Adiposity and Age Effects on Maximal Eccentric Muscle Function 
Young individuals produced greater absolute eccentric torque when compared to OAs 
(Fig. 3A & D, 4A & D. P < 0.016, ηp2 > 0.152). There was no main effect of adiposity (P > 0.209, 
ηp2 < 0.043) and no age*adiposity interaction observed in any muscle group (p > 0.126, np2 < 
0.064).  
The young (Fig 4B & E. P < 0.012, ηp2 > 0.162) and normal adiposity (Fig 4B & E. P < 0.010, ηp2 
> 0.172) groups KE and KF produced greater eccentric torque normalised to body mass 
compared to older and high adiposity groups respectively. At the EE, younger individuals 
produced greater eccentric peak torque relative to body mass than OAs (Fig 3B. P < 0.015, ηp2 
> 0.155), except at an angular velocity of 120° s-1 (P = 0.115 ηp2 = 0.068). At the EE, normal 
adipose participants produced greater eccentric peak torque normalised to body mass at an 
angular velocity of 120° s-1 (Fig 3B. P = 0.013 ηp2 = 0.160), but not at 60° or 180° s-1 (P > 0.580 
ηp2 < 0.096). There was no age*adiposity interaction observed for the EE, KE and KF (P > 0.234, 
ηp2 < 0.039).  However, for the EF, there was an age*adiposity interaction (Fig 3E. P < 0.026, 
16 
 
ηp2 > 0.142) for torque normalised to body mass. Bonferroni multiple comparisons indicated 
that YNa produced significantly greater peak eccentric torque normalised to body mass than 
all other experimental groups (P < 0.001, Cohen’s d > 1.85); the other experimental groups 
were not different to each other (P > 0.999, Cohen’s d < 0.46).    
For the EE and EF, there was no main effect of age (Fig 3C & F. P > 0.071, ηp2 < 0.088) observed 
for eccentric muscle quality. Similarly, for the KE and KF, there was no main effect of age on 
eccentric muscle quality (Fig 4C & F P > 0.103, ηp2 < 0.072) except at an angular velocity of 
60° s-1, where younger individuals produced greater eccentric torque normalised to segmental 
muscle mass compared to OAs (P < 0.025, ηp2 > 0.132). For the EE and KE, there was no main 
effect of adiposity (Fig 3C & 4C. P > 0.224, ηp2 < 0.040) observed for eccentric muscle quality. 
However, for the EF and KF, those with normal adiposity produced greater eccentric torque 
normalised to segmental muscle mass when compared to those with a high adiposity (Fig 3F 
P < 0.034, ηp2 > 0.120, Fig 4F P < 0.010, ηp2 > 0.170). 
 
Adiposity and Age Effects on Concentric Muscle Fatigue 
There was a decline in concentric torque over time in all experimental groups and 
muscles assessed (Fig 5A, C, E & G. P < 0.001, ηp2 > 0.652). There was no main effect of 
adiposity observed in any muscle group (Fig 5A, C & G. P > 0.145, ηp2 < 0.120). For the KE, 
there was a main effect of age (Fig 5G P = 0.013, ηp2 = 0.034) on percentage torque loss during 
concentric muscle actions. For the EE and EF, there was an age*set interaction (Fig 5A & C. P 
< 0.001, ηp2 > 0.122). Bonferroni comparisons indicated a significant difference (P < 0.001, 
Cohen’s d > 1.24) in percentage of maximum torque between young and old individuals at 
sets 3, 4 and 5. The main effect of age and age*set interaction indicated that the younger 
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groups experience a greater percentage decline in concentric torque relative to their 
maximum, compared to older groups. For the KF, an age*adiposity interaction (Fig 5E. P = 
0.044, ηp2 = 0.022) was observed. However, Bonferroni comparisons indicated no difference 
between groups (P > 0.459, Cohen’s d < 0.47, except for comparison of fatigue in YHa and 
OHa, where P = 0.459, Cohen’s d = 0.76). There were no other interactions (P > 0.144, ηp2 < 
0.012).    
 
Adiposity and Age Effects on Eccentric Muscle Fatigue 
There was a decline in eccentric torque over time in all experimental groups and 
muscles assessed (Fig 5B, D & H. P < 0.001, ηp2 > 0.232), except at the KE (Fig 5H. P = 0.052, 
ηp2 = 0.051). For the EF, KF, and KE, there were no main effects of age (Fig 5B, F & H. P > 0.302, 
ηp2 < 0.006) or adiposity (Fig 5B, F & H. P > 0.695, ηp2 < 0.001) observed for percentage 
eccentric torque loss. For the EE, there was an age*adiposity*set interaction (Fig 5D, P = 
0.017, ηp2 = 0.064). Bonferroni comparisons indicated a significant difference between YNa 
and YHa at set 1 and 4 (P < 0.024, set 1 Cohen’s d = 0.88, set 4 Cohen’s d = 1.26) and YNa and 
ONa at set 4 and 5 (P = 0.038, Cohen’s d = 1.32). The interaction indicated the YNa group 
started at a greater percentage of their maximum but experienced greater fatigue at set 4 
when compared to the YHa group. Furthermore, the YNa group experienced greater torque 
loss at sets 4 and 5 compared to ONa. No other interactions were observed (P > 0.063, ηp2 < 
0.043). 
 
Adiposity and Age Effects on Perceived Soreness Following Fatigue  
18 
 
 Table 2 displays perceived soreness immediately following and every 24-hours for 3 
days, after the fatigue protocols. Following eccentric fatigue of the dominant arm, younger 
individuals experienced greater soreness compared to OAs (P = 0.009, ηp2 = 0.047). There 
were no main effects or interactions observed following concentric fatigue protocols (P > 
0.263, ηp2 < 0.009). There was however an age*adiposity interaction (P = 0.034, ηp2 = 0.030) 
in perceived soreness of the dominant leg following the eccentric fatigue protocol. However, 
Bonferroni comparisons identified no significant difference in perceived soreness between 
groups (P > 0.470, Cohen’s d < 0.55). 
 
Adiposity and Age Effects on STS performance and HGS 
 Table 3 displays descriptive values of HGS and STS performance. All outcome variables 
for STS and HGS revealed a main effect of age (P < 0.037, ηp2 > 0.115), whereby young 
individuals outperformed OAs. A main effect of adiposity was revealed for peak force during 
STS (P <0.001, ηp2 > 0.316), indicating those with normal adiposity produced greater force 
normalised to body mass when compared to those with high body adiposity. There were no 









The present study uniquely examined the influence of both old age and high adiposity 
on the concentric and eccentric performance of upper and lower limb musculature. These 
data indicate an age-related decline in peak eccentric and concentric maximal voluntary 
torque but no change with adiposity. Whilst concentric muscle quality (torque normalised to 
segmental muscle mass) was reduced with increasing age, eccentric muscle quality was 
generally unaffected. In comparison to absolute function and force to body mass ratio, our 
findings suggest that the effects of high adiposity on muscle quality are more complex. 
Concentric muscle quality was reduced with high adiposity, except for the EE. Whereas 
eccentric muscle quality was only reduced in the KF and EF. Across the contractile modalities 
and muscles groups assessed, older age and adiposity typically resulted in reduced maximal 
voluntary torque normalised to body mass. Whilst these results suggest that the severity of 
high adiposity effects on muscle performance are not greater in older males, implications of 
adiposity induced losses in muscle quality and torque relative to body mass will have much 
greater consequences for OAs  given pronounced age-related declines in contractile function.  
 
Adiposity and Age Effects on Peak Torque 
An age-related decline in muscular strength, including both concentric and eccentric 
torque production, has been well established (Proctor et al. 1998; Pousson et al. 2001; 
Lauretani et al. 2003; Larsson et al. 2019) and our data supports these findings, with young 
individuals producing significantly greater absolute peak torque across all muscle groups and 
modes of contractility, when compared to OAs. An age-related decline in absolute function is 
characterised by muscular atrophy (Newman et al. 2003), and as seen in Table 1, whole body 
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and segmental muscle mass  was significantly lower in the OAs. Mechanistic and architectural 
changes to skeletal muscle such as a reduction in sarco(endo)plasmic reticulum Ca2+ ATPase 
(SERCA) (Tallis et al. 2014), impaired calcium handling (Tallis et al. 2014) reduction in fascicle 
pennation angle (Morse et al. 2005) and atrophy of high force producing type II fibres (Lexell 
and Taylor 1991), likely account for the demonstrated difference in absolute torque between 
young and old adults.  
 
Irrespective of age, high adiposity had no effects on concentric or eccentric peak torque of 
either the upper or lower limb musculature. Previous work has indicated that maximal 
isometric and concentric force of anti-gravitational musculature may be increased in high 
adiposity groups, due to the greater mechanical loading required to support the elevated 
body mass (Rolland et al. 2004; Villareal et al. 2004; Maffiuletti et al. 2007; Capodaglio et al. 
2009; Tomlinson et al. 2014b; Erskine et al. 2017). However, as with the present findings, an 
increase in absolute force production is not always shown in young (Hulens et al. 2001; 
Lafortuna et al. 2005; Paolillo et al. 2012; Cavuoto and Nussbaum 2013; Pajoutan et al. 2016) 
or old obese individuals (Miyatake et al. 2000; Erskine et al. 2017). Such findings may in part 
be attributed to a reduction in muscle activation capacity, which has previously been 
observed in both young and old obese groups (Tomlinson et al. 2014a). Furthermore, as 
obesity impairs myogenesis, particularly in older muscle (O’Leary et al. 2018), this may limit 
the ability of muscle to adapt to an elevated mass. However, variability in strength 
assessments, physical activity, age, contractile modality assessed, muscle or muscle groups 
tested and duration and magnitude of adiposity, may account for disparity between findings 
(Tallis et al. 2018). Data from the present study are the first to indicate a consistent trend for 
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changes in absolute maximal voluntary toque between concentric and eccentric modes of 
activity and refute the idea that elevated eccentric loading in high adiposity individuals will 
provoke a stimulus to improve maximal eccentric torque.  
 
Results from HGS also identified an age-related reduction in strength, with no significant 
effect of adiposity. The results from HGS reflect the IKD assessment of strength and therefore 
may be an effective measurement of absolute strength, particularly in the upper body. 
However, given the ambiguity of absolute function of lower limbs and other postural muscles, 
HGS should be used with caution when attempting to relate results to whole body strength. 
 
Adiposity and Age Effects on Normalised Peak Torque  
Normalising absolute performance to body mass is an important indicator for how 
high adiposity and old age may affect an individual’s ability to manoeuvre their own mass 
(Bollinger 2017). The decline in relative concentric torque of lower limb musculature in high 
adiposity and OAs are comparable to previous literature (Maffiuletti et al. 2007; Capodaglio 
et al. 2009; Paolillo et al. 2012). However, the present study is the first to identify that relative 
eccentric function of lower limb musculature is significantly impaired by adiposity. A decline 
in relative eccentric function is likely to have profound effects in individuals with high 
adiposity, as an increased eccentric demand is expected during many ADLs (Tallis et al. 2018). 
The declines in relative performance will in part be because of muscles having to overcome 
greater inertia to move, carry and stabilise the elevated mass. Whilst the magnitude of 
adiposity effects does not differ across the age groups assessed, OHa individuals are likely to 
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experience greater functional impairment given a significant age-related decline in muscle 
function. Furthermore, the present data generally infer that the reduction in relative 
concentric torque is uniform between both upper and lower body musculature. Adiposity 
effects on relative eccentric function of upper limb musculature appear age and muscle 
specific, with YNa producing significantly greater torque than all other groups in the EF and 
adiposity and old age generally resulting in poorer relative eccentric performance of the EE. 
 
Normalising absolute performance for segmental muscle mass gives an indication of muscle 
quality i.e. intrinsic force producing capacity of muscle. Adiposity induced changes in muscle 
quality have been debated (Tallis et al. 2018), however results from the present study add 
weight to the growing pool of evidence indicating that adiposity will reduce concentric muscle 
quality (Villareal et al. 2004; Morse et al. 2005; Delmonico et al. 2009; Paolillo et al. 2012; 
Erskine et al. 2017). Larger muscles of poorer quality will contribute to an already elevated 
mass thus increasing bodily inertia, have a greater metabolic cost to maintain and could 
promote a negative obesity cycle (Tallis et al. 2018).  
 
The present study uniquely examined eccentric muscle quality. Previous literature in humans 
demonstrates limited ageing effects on eccentric muscle quality (Pasco et al. 2020), which is 
supported by our results. However, current evidence from animal models indicates that age-
induced changes in eccentric muscle quality are likely muscle/fibre type specific (Hill et al. 
2018). Our data indicate eccentric muscle quality was reduced in high adipose individuals in 
a manner that was not concurrent with changes in concentric muscle quality. This lack of 
consistency supports the idea of contractile mode and muscle specific effects of high adiposity 
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(Ciapaite et al. 2015; Tallis et al. 2018). The present work is the first to indicate differences 
between concentric and eccentric muscle quality and force to body mass ratio, in high adipose 
individuals, which may be attributed to mechanistic differences between concentric and 
eccentric contractions. 
 
Adiposity and Age Effects on Fatigue Resistance 
Similar to previous findings, our data indicated improved capacity to maintain maximal 
voluntary concentric contractions in an ageing population (Chung et al. 2007; Russ et al. 
2008), although no differences were observed for eccentric fatigue resistance between young 
and older individuals. The effects of ageing on fatigue remain ambiguous, as other work 
indicates a reduction in both concentric and eccentric fatigue resistance of the ankle 
dorsiflexor (Baudry et al. 2007). Disparity in findings may be due to muscle specific responses, 
as work utilising isolated muscle indicates an age-induced decline in concentric and eccentric 
fatigue resistance of extensor digitorum longus, but no change in soleus (Hill et al. 2018). 
Whilst fatigability was improved or unchanged in the OAs, data are plotted from 100% of an 
individual’s MVC reflecting the rate of fatigue. Given the age-related decline in contractile 
function, OAs will be required to produce force at a higher percentage of MVC during ADL’s, 
and thus, likely fatigue more quickly.  
  
Results from the present study demonstrate that high adiposity does not significantly 
influence concentric or eccentric fatigue resistance. Effects of high adiposity remain 
unresolved, whilst there is evidence indicating time to task failure or percentage torque loss 
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remains unaffected irrespective of BMI (Maffiuletti et al. 2008; Minetto et al. 2012), other 
findings show greater percentage torque loss in obese individuals when compared to lean 
counterparts (Maffiuletti et al. 2007). Despite this, our data support the idea that faster 
fatigue seen during functional tasks is likely due to elevated body inertia (Tallis et al. 2017). 
 
In line with previous research, our results indicate no significant differences in perceived 
soreness between high and low adipose groups following bouts of eccentric fatigue (Yoon and 
Kim 2020). Similarly, there was no difference in perceived soreness following concentric 
contractions between young and old groups, although soreness was significantly lower in OAs 
following eccentric contractions, albeit with a small effect size. Such results provide promise 
with respect to the ability to sustain chronic eccentric interventions to improve muscle 
function. 
 
 Limitations and Future Directions 
The extent and magnitude of both obesity and ageing are likely to impact how 
mechanistic responses alter contractile performance. Therefore, future work should consider 
how duration of obesity, and magnitude and distribution of adiposity, impacts contractile 
performance and if they exacerbate an age-related decline in muscle function.  
The mechanisms underpinning obesity-induced changes in eccentric function are 
speculative and require further investigation. A particular focus on the function of the giant 
protein titin in response to ageing and elevated adiposity may be an important starting point, 
given its important role in the development of eccentric force (Enoka and Duchateau 2019). 
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Furthermore, future work should focus specifically on defining the impact of intramuscular 
fat on contractile performance, given it is proposed to contribute to poor muscle quality 
(Rahemi et al. 2015). However, previous research on this topic typically considers concentric 
muscle quality and the impact of intramuscular fat on the mechanisms responsible for 
eccentric force production remain unknown. 
Despite using a previously established method for determining muscle quality 
(Maffiuletti et al. 2007; Valenzuela et al. 2020), we recognise that our results may 
overestimate the age-related decline in muscle quality given that MF-BIA was developed and 
validated against DEXA (Yamada et al. 2017). Previous work suggests that despite having a 
strong and significant relationship between assessments, DEXA may overestimate muscle 
thigh volume of older males by ~6.1% when compared to an MRI assessment (Maden-
Wilkinson et al. 2013). Although, given that differences in measurements between 
assessments in males is small, this is unlikely to affect the trends demonstrated in the current 
data.  
A potential limitation of the study is that we did not objectively measure physical 
activity (PA). However, 80% of YNa, 64% of YHa, 100% of ONa and 50% of OHa self-reported 
that they met the minimum guidelines for PA of at least 150 minutes of moderate or 75 
minutes of vigorous intensity activity per week. These findings would appear representative 
given that high adiposity is associated with lower levels of PA (Zhu et al. 2020). As such, it is 
possible that increased PA levels may negate some of the detrimental effects of high adiposity 






 The present findings demonstrate that age-related decline in maximal voluntary 
concentric and eccentric torque is not exacerbated by adiposity. However, torque normalised 
to body mass and muscle quality were reduced, albeit in a muscle and contractile mode 
specific manner in the case of the latter. Although the severity of these effects was uniform 
across both young and older age groups, the consequences for OAs with respect to the safe 
completion of ADLs is likely to be more substantial given that both torque relative to body 
mass and muscle quality are already compromised by increasing age. This data suggests a 
need to focus on resistance training interventions focusing on both eccentric and concentric 
actions to offset the detrimental effect of high adiposity on skeletal muscle quality and 















Baudry, S., Klass, M., Pasquet, B., and Duchateau, J. 2007. Age-related fatigability of the ankle 
dorsiflexor muscles during concentric and eccentric contractions. European Journal of 
Applied Physiology 100(5): 515–525. doi:10.1007/s00421-006-0206-9. 
Beaudart, C., Rolland, Y., Cruz-Jentoft, A.J., Bauer, J.M., Sieber, C., Cooper, C., Al-Daghri, N., Araujo 
de Carvalho, I., Bautmans, I., Bernabei, R., et al. 2019. Assessment of Muscle Function and 
Physical Performance in Daily Clinical Practice. Calcified Tissue International. 
doi:10.1007/s00223-019-00545-w. 
Bohannon, R.W., Magasi, S.R., Bubela, D.J., Wang, Y.-C., and Gershon, R.C. 2012. Grip and Knee 
extension muscle strength reflect a common construct among adults. Muscle Nerve 46(4): 
555–558. doi:10.1002/mus.23350. 
Bollinger, L.M. 2017. Potential contributions of skeletal muscle contractile dysfunction to altered 
biomechanics in obesity. Gait & Posture 56: 100–107. doi:10.1016/j.gaitpost.2017.05.003. 
Capodaglio, P., Vismara, L., Menegoni, F., Baccalaro, G., Galli, M., and Grugni, G. 2009. Strength 
characterization of knee flexor and extensor muscles in Prader-Willi and obese patients. 
BMC Musculoskeletal Disorders 10(1). doi:10.1186/1471-2474-10-47. 
Cavuoto, L.A., and Nussbaum, M.A. 2013. Obesity-related differences in muscular capacity during 
sustained isometric exertions. Applied Ergonomics 44(2): 254–260. 
doi:10.1016/j.apergo.2012.07.011. 
Choi, S.-J. 2016. Age-related functional changes and susceptibility to eccentric contraction-induced 
damage in skeletal muscle cell. Integrative Medicine Research 5(3): 171–175. 
doi:10.1016/j.imr.2016.05.004. 
Chung, L.H., Callahan, D.M., and Kent-Braun, J.A. 2007. Age-Related Resistance to Skeletal Muscle 
Fatigue is Preserved During Ischemia. Medicine & Science in Sports & Exercise 
39(Supplement): S101–S102. doi:10.1249/01.mss.0000273318.75426.b4. 
Ciapaite, J., van den Berg, S.A., Houten, S.M., Nicolay, K., Willems van Dijk, K., and Jeneson, J.A. 2015. 
Fiber-type-specific sensitivities and phenotypic adaptations to dietary fat overload 
differentially impact fast- versus slow-twitch muscle contractile function in C57BL/6J mice. 
The Journal of Nutritional Biochemistry 26(2): 155–164. doi:10.1016/j.jnutbio.2014.09.014. 
Cohen, J. 1988. Statistical power analysis for the behavioral sciences. In 2nd ed. L. Erlbaum 
Associates, Hillsdale, N.J. 
Delbaere, K., Bourgois, J., Witvrouw, E.E., Willems, T.M., and Cambier, D.C. 2003. Age-related 
changes in concentric and eccentric muscle strength in the lower and upper extremity: A 
cross-sectional study. IES 11(3): 145–151. doi:10.3233/IES-2003-0141. 
28 
 
Delmonico, M.J., Harris, T.B., Visser, M., Park, S.W., Conroy, M.B., Velasquez-Mieyer, P., Boudreau, 
R., Manini, T.M., Nevitt, M., Newman, A.B., and Goodpaster, B.H. 2009. Longitudinal study of 
muscle strength, quality, and adipose tissue infiltration. The American Journal of Clinical 
Nutrition 90(6): 1579–1585. doi:10.3945/ajcn.2009.28047. 
Enoka, R.M., and Duchateau, J. 2019. Muscle Function. Muscle and Exercise Physiology: 129–157. 
doi:10.1016/b978-0-12-814593-7.00007-4. 
Erskine, R.M., Tomlinson, D.J., Morse, C.I., Winwood, K., Hampson, P., Lord, J.M., and Onambélé, G.L. 
2017. The individual and combined effects of obesity- and ageing-induced systemic 
inflammation on human skeletal muscle properties. Int J Obes 41(1): 102–111. 
doi:10.1038/ijo.2016.151. 
Eshima, H., Tamura, Y., Kakehi, S., Kakigi, R., Hashimoto, R., Funai, K., Kawamori, R., and Watada, H. 
2020. A chronic high-fat diet exacerbates contractile dysfunction with impaired intracellular 
Ca 2+ release capacity in the skeletal muscle of aged mice. Journal of Applied Physiology 
128(5): 1153–1162. doi:10.1152/japplphysiol.00530.2019. 
Faria, S.L., Faria, O.P., Cardeal, M.D.A., and Ito, M.K. 2014. Validation Study of Multi-Frequency 
Bioelectrical Impedance with Dual-Energy X-ray Absorptiometry Among Obese Patients. 
OBES SURG 24(9): 1476–1480. doi:10.1007/s11695-014-1190-5. 
Feiring, D.C., Ellenbecker, T.S., and Derscheid, G.L. 1990. Test-Retest Reliability of the Biodex 
Isokinetic Dynamometer. J Orthop Sports Phys Ther 11(7): 298–300. 
doi:10.2519/jospt.1990.11.7.298. 
Gallagher, D., Heymsfield, S.B., Heo, M., Jebb, S.A., Murgatroyd, P.R., and Sakamoto, Y. 2000. 
Healthy percentage body fat ranges: an approach for developing guidelines based on body 
mass index. The American Journal of Clinical Nutrition 72(3): 694–701. 
doi:10.1093/ajcn/72.3.694. 
Hedges, L.V. 1981. Distribution Theory for Glass’s Estimator of Effect size and Related Estimators. 
Journal of Educational Statistics 6(2): 107–128. doi:10.3102/10769986006002107. 
Herzog, W., Schappacher, G., DuVall, M., Leonard, T.R., and Herzog, J.A. 2016. Residual Force 
Enhancement Following Eccentric Contractions: A New Mechanism Involving Titin. 
Physiology 31(4): 300–312. doi:10.1152/physiol.00049.2014. 
Hill, C., James, R.S., Cox, V.M., and Tallis, J. 2018. The Effect of Increasing Age on the Concentric and 
Eccentric Contractile Properties of Isolated Mouse Soleus and Extensor Digitorum Longus 
Muscles. The Journals of Gerontology: Series A 73(5): 579–587. doi:10.1093/gerona/glx243. 




Hopkins, W.G., Marshall, S.W., Batterham, A.M., and Hanin, J. 2009. Progressive Statistics for Studies 
in Sports Medicine and Exercise Science: Medicine & Science in Sports & Exercise 41(1): 3–
13. doi:10.1249/MSS.0b013e31818cb278. 
Hulens, M., Vansant, G., Lysens, R., Claessens, A., Muls, E., and Brumagne, S. 2001. Study of 
differences in peripheral muscle strength of lean versus obese women: an allometric 
approach. International Journal of Obesity 25(5): 676–681. doi:10.1038/sj.ijo.0801560. 
Impellizzeri, F.M., Bizzini, M., Rampinini, E., Cereda, F., and Maffiuletti, N.A. 2008. Reliability of 
isokinetic strength imbalance ratios measured using the Cybex NORM dynamometer. Clin 
Physiol Funct Imaging 28(2): 113–119. doi:10.1111/j.1475-097X.2007.00786.x. 
Jannsen, W., Bussman, H., and Stam, H. 2002. Determinants of the Sit-to-Stand Movement: A 
Review. Physical Therapy. doi:10.1093/ptj/82.9.866. 
Lafortuna, C.L., Maffiuletti, N.A., Agosti, F., and Sartorio, A. 2005. Gender variations of body 
composition, muscle strength and power output in morbid obesity. International Journal of 
Obesity 29(7): 833–841. doi:10.1038/sj.ijo.0802955. 
Larsson, L., Degens, H., Li, M., Salviati, L., Lee, Y. il, Thompson, W., Kirkland, J.L., and Sandri, M. 2019. 
Sarcopenia: Aging-Related Loss of Muscle Mass and Function. Physiological Reviews 99(1): 
427–511. doi:10.1152/physrev.00061.2017. 
Lauretani, F., Russo, C.R., Bandinelli, S., Bartali, B., Cavazzini, C., Di Iorio, A., Corsi, A.M., Rantanen, T., 
Guralnik, J.M., and Ferrucci, L. 2003. Age-associated changes in skeletal muscles and their 
effect on mobility: an operational diagnosis of sarcopenia. Journal of Applied Physiology 
95(5): 1851–1860. doi:10.1152/japplphysiol.00246.2003. 
Lexell, J., and Taylor, C.C. 1991. Variability in muscle fibre areas in whole human quadriceps muscle: 
effects of increasing age. J. Anat. 174: 239–249. 
Maden-Wilkinson, T.M., Degens, H., Jones, D.A., and McPhee, J.S. 2013. Comparison of MRI and DXA 
to measure muscle size and age-related atrophy in thigh muscles. J Musculoskelet Neuronal 
Interact 13(3): 320–328. 
Maffiuletti, N.A., Jubeau, M., Agosti, F., De Col, A., and Sartorio, A. 2008. Quadriceps muscle function 
characteristics in severely obese and nonobese adolescents. European Journal of Applied 
Physiology 103(4): 481–484. doi:10.1007/s00421-008-0737-3. 
Maffiuletti, N.A., Jubeau, M., Munzinger, U., Bizzini, M., Agosti, F., De Col, A., Lafortuna, C.L., and 
Sartorio, A. 2007. Differences in quadriceps muscle strength and fatigue between lean and 




Maffiuletti, N.A., Ratel, S., Sartorio, A., and Martin, V. 2013. The Impact of Obesity on In Vivo Human 
Skeletal Muscle Function. Current Obesity Reports 2(3): 251–260. doi:10.1007/s13679-013-
0066-7. 
Malagelada, F., Dalmau-Pastor, M., Vega, J., and Golanó, P. 2014. Elbow Anatomy. In Sports Injuries. 
Edited by M.N. Doral and J. Karlsson. Springer Berlin Heidelberg, Berlin, Heidelberg. pp. 1–
30. doi:10.1007/978-3-642-36801-1_38-1. 
Mattacola, C.G., Perrin, D.H., Gansneder, B.M., Allen, J.D., and Mickey, C.A. 1997. A Comparison of 
Visual Analog and Graphic Rating Scales for Assessing Pain Following Delayed Onset Muscle 
Soreness. Journal of Sport Rehabilitation 6(1): 38–46. doi:10.1123/jsr.6.1.38. 
Minetto, M.A., Botter, A., Sprager, S., Agosti, F., Patrizi, A., Lanfranco, F., and Sartorio, A. 2012. 
Feasibility study of detecting surface electromyograms in severely obese patients. Journal of 
Electromyography and Kinesiology 23(2): 285–295. doi:10.1016/j.jelekin.2012.09.008. 
Miyatake, N., Fujii, M., Nishikawa, H., Wada, J., Shikata, K., Makino, H., and Kimura, I. 2000. Clinical 
evaluation of muscle strength in 20-79-years-old obese Japanese. Diabetes Research and 
Clinical Practice 48(1): 15–21. doi:10.1016/s0168-8227(99)00132-1. 
Morrey, B.F., Askew, L.J., and Chao, E.Y. 1981. A biomechanical study of normal functional elbow 
motion. J Bone Joint Surg Am 63(6): 872–877. 
Morse, C.I., Thom, J.M., Reeves, N.D., Birch, K.M., and Narici, M.V. 2005. In vivo physiological cross-
sectional area and specific force are reduced in the gastrocnemius of elderly men. Journal of 
Applied Physiology 99(3): 1050–1055. doi:10.1152/japplphysiol.01186.2004. 
Newman, A.B., Haggerty, C.L., Goodpaster, B., Harris, T., Kritchevsky, S., Nevitt, M., Miles, T.P., 
Visser, M., and The Health Aging and Body Compositi. 2003. Strength and Muscle Quality in a 
Well-Functioning Cohort of Older Adults: The Health, Aging and Body Composition Study. 
Journal of the American Geriatrics Society 51(3): 323–330. doi:10.1046/j.1532-
5415.2003.51105.x. 
Nishikawa, K.C., Lindstedt, S.L., and LaStayo, P.C. 2018. Basic science and clinical use of eccentric 
contractions: History and uncertainties. J Sport Health Sci 7(3): 265–274. 
doi:10.1016/j.jshs.2018.06.002. 
O’Leary, M.F., Wallace, G.R., Davis, E.T., Murphy, D.P., Nicholson, T., Bennett, A.J., Tsintzas, K., and 
Jones, S.W. 2018. Obese subcutaneous adipose tissue impairs human myogenesis, 




Pajoutan, M., Mehta, R.K., and Cavuoto, L.A. 2016. Obesity effect on isometric strength of the trunk 
extensors. Proceedings of the Human Factors and Ergonomics Society Annual Meeting 60(1): 
943–947. doi:10.1177/1541931213601217. 
Paolillo, F.R., Milan, J.C., Bueno, P. de G., Paolillo, A.R., Borghi-Silva, A., Parizotto, N.A., Arena, R., 
Kurachi, C., and Bagnato, V.S. 2012. Effects of excess body mass on strength and fatigability 
of quadriceps in postmenopausal women. Menopause: The Journal of The North American 
Menopause Society 19(5): 556–561. doi:10.1097/gme.0b013e3182364e80. 
Pasco, J.A., Stuart, A.L., Holloway-Kew, K.L., Tembo, M.C., Sui, S.X., Anderson, K.B., Hyde, N.K., 
Williams, L.J., and Kotowicz, M.A. 2020. Lower-limb muscle strength: normative data from 
an observational population-based study. BMC Musculoskelet Disord 21(1): 89. 
doi:10.1186/s12891-020-3098-7. 
Paulsen, G., Crameri, R., Benestad, H.B., Fjeld, J.G., Mørkrid, L., Hallén, J., and Raastad, T. 2010. Time 
course of leukocyte accumulation in human muscle after eccentric exercise. Med Sci Sports 
Exerc 42(1): 75–85. doi:10.1249/MSS.0b013e3181ac7adb. 
Pousson, M., Lepers, R., and Van Hoecke, J. 2001. Changes in isokinetic torque and muscular activity 
of elbow flexors muscles with age. Experimental Gerontology 36(10): 1687–1698. 
doi:10.1016/S0531-5565(01)00143-7. 
Proctor, D.N., Balagopal, P., and Nair, K.S. 1998. Age-related sarcopenia in humans is associated with 
reduced synthetic rates of specific muscle proteins. J. Nutr. 128(2 Suppl): 351S-355S. 
doi:10.1093/jn/128.2.351S. 
Rahemi, H., Nigam, N., and Wakeling, J.M. 2015. The effect of intramuscular fat on skeletal muscle 
mechanics: implications for the elderly and obese. Journal of The Royal Society Interface 
12(109): 20150365. doi:10.1098/rsif.2015.0365. 
Regterschot, G.R.H., Zhang, W., Baldus, H., Stevens, M., and Zijlstra, W. 2016. Accuracy and 
concurrent validity of a sensor-based analysis of sit-to-stand movements in older adults. Gait 
& Posture 45: 198–203. doi:10.1016/j.gaitpost.2016.02.004. 
Roig, M., MacIntyre, D.L., Eng, J.J., Narici, M.V., Maganaris, C.N., and Reid, W.D. 2010. Preservation 
of eccentric strength in older adults: Evidence, mechanisms and implications for training and 
rehabilitation. Experimental Gerontology 45(6): 400–409. doi:10.1016/j.exger.2010.03.008. 
Rolland, Y., Lauwers-Cances, V., Pahor, M., Fillaux, J., Grandjean, H., and Vellas, B. 2004. Muscle 
strength in obese elderly women: effect of recreational physical activity in a cross-sectional 
study. The American Journal of Clinical Nutrition 79(4): 552–557. doi:10.1093/ajcn/79.4.552. 
32 
 
Russ, David.W., Towse, T.F., Wigmore, D.M., Lanza, I.R., and Kent-Braun, J.A. 2008. Contrasting 
Influences of Age and Sex on Muscle Fatigue. Medicine & Science in Sports & Exercise 40(2): 
234–241. doi:10.1249/mss.0b013e31815bbb93. 
Sole, G., Hamrén, J., Milosavljevic, S., Nicholson, H., and Sullivan, S.J. 2007. Test-Retest Reliability of 
Isokinetic Knee Extension and Flexion. Archives of Physical Medicine and Rehabilitation 
88(5): 626–631. doi:10.1016/j.apmr.2007.02.006. 
Tallis, J., Hill, C., James, R.S., Cox, V.M., and Seebacher, F. 2017. The effect of obesity on the 
contractile performance of isolated mouse soleus, EDL, and diaphragm muscles. Journal of 
Applied Physiology 122(1): 170–181. doi:10.1152/japplphysiol.00836.2016. 
Tallis, J., James, R.S., Little, A.G., Cox, V.M., Duncan, M.J., and Seebacher, F. 2014. Early effects of 
ageing on the mechanical performance of isolated locomotory (EDL) and respiratory 
(diaphragm) skeletal muscle using the work-loop technique. American Journal of Physiology-
Regulatory, Integrative and Comparative Physiology 307(6): R670–R684. 
doi:10.1152/ajpregu.00115.2014. 
Tallis, J., James, R.S., and Seebacher, F. 2018. The effects of obesity on skeletal muscle contractile 
function. The Journal of Experimental Biology 221(13): jeb163840. doi:10.1242/jeb.163840. 
Tallis, J., Muhammad, B., Islam, M., and Duncan, M.J. 2016. Placebo effects of caffeine on maximal 
voluntary concentric force of the knee flexors and extensors: Performance-Enhancing Effect 
of Placebo. Muscle Nerve 54(3): 479–486. doi:10.1002/mus.25060. 
Tallis, J., and Yavuz, H.C.M. 2018. The effects of low and moderate doses of caffeine 
supplementation on upper and lower body maximal voluntary concentric and eccentric 
muscle force. Appl. Physiol. Nutr. Metab. 43(3): 274–281. doi:10.1139/apnm-2017-0370. 
Tomlinson, D.J., Erskine, R.M., Morse, C.I., Winwood, K., and Onambélé -Pearson, G.L. 2014a. 
Erratum to: Combined effects of body composition and ageing on joint torque, muscle 
activation and co-contraction in sedentary women. AGE 36(3). doi:10.1007/s11357-014-
9662-z. 
Tomlinson, D.J., Erskine, R.M., Winwood, K., Morse, C.I., and Onambélé, G.L. 2014b. The impact of 
obesity on skeletal muscle architecture in untrained young vs. old women. J. Anat. 225(6): 
675–684. doi:10.1111/joa.12248. 
Tomlinson, D.J., Erskine, R.M., Winwood, K., Morse, C.I., and Onambélé, G.L. 2014c. Obesity 
decreases both whole muscle and fascicle strength in young females but only exacerbates 




Valenzuela, P.L., Maffiuletti, N.A., Tringali, G., De Col, A., and Sartorio, A. 2020. Obesity-associated 
poor muscle quality: prevalence and association with age, sex, and body mass index. BMC 
Musculoskelet Disord 21(1): 200. doi:10.1186/s12891-020-03228-y. 
Verney, J., Schwartz, C., Amiche, S., Pereira, B., and Thivel, D. 2015. Comparisons of a Multi-
Frequency Bioelectrical Impedance Analysis to the Dual-Energy X-Ray Absorptiometry Scan 
in Healthy Young Adults Depending on their Physical Activity Level. Journal of Human 
Kinetics 47(1): 73–80. doi:10.1515/hukin-2015-0063. 
Villareal, D.T., Banks, M., Siener, C., Sinacore, D.R., and Klein, S. 2004. Physical Frailty and Body 
Composition in Obese Elderly Men and Women. Obesity Research 12(6): 913–920. 
doi:10.1038/oby.2004.111. 
Wikstrom, E.A., Tillman, M.D., Smith, A.N., and Borsa, P.A. 2005. A new force-plate technology 
measure of dynamic postural stability: the dynamic postural stability index. J Athl Train 
40(4): 305–309. 
Wind, A.E., Takken, T., Helders, P.J.M., and Engelbert, R.H.H. 2010. Is grip strength a predictor for 
total muscle strength in healthy children, adolescents, and young adults? Eur J Pediatr 
169(3): 281–287. doi:10.1007/s00431-009-1010-4. 
Yamada, Y., Nishizawa, M., Uchiyama, T., Kasahara, Y., Shindo, M., Miyachi, M., and Tanaka, S. 2017. 
Developing and Validating an Age-Independent Equation Using Multi-Frequency Bioelectrical 
Impedance Analysis for Estimation of Appendicular Skeletal Muscle Mass and Establishing a 
Cutoff for Sarcopenia. Int J Environ Res Public Health 14(7). doi:10.3390/ijerph14070809. 
Yeung, S.S.Y., Reijnierse, E.M., Trappenburg, M.C., Hogrel, J.-Y., McPhee, J.S., Piasecki, M., Sipila, S., 
Salpakoski, A., Butler-Browne, G., Pääsuke, M., Gapeyeva, H., Narici, M.V., Meskers, C.G.M., 
and Maier, A.B. 2018. Handgrip Strength Cannot Be Assumed a Proxy for Overall Muscle 
Strength. Journal of the American Medical Directors Association 19(8): 703–709. 
doi:10.1016/j.jamda.2018.04.019. 
Yoon, E.-J., and Kim, J. 2020. Effect of Body Fat Percentage on Muscle Damage Induced by High-
Intensity Eccentric Exercise. IJERPH 17(10): 3476. doi:10.3390/ijerph17103476. 
Zaykin, D.V., Zhivotovsky, L.A., Westfall, P.H., and Weir, B.S. 2002. Truncated product method for 
combiningP-values. Genet. Epidemiol. 22(2): 170–185. doi:10.1002/gepi.0042. 
Zhu, W., Cheng, Z., Howard, V.J., Judd, S.E., Blair, S.N., Sun, Y., and Hooker, S.P. 2020. Is adiposity 
associated with objectively measured physical activity and sedentary behaviors in older 





Figure 1. The effect of age and adiposity on absolute concentric torque (A, D), torque 
normalised to body mass (B, E) and torque normalised to segmental muscle mass of the 
dominant arm (C, F) of the elbow extensors and flexors. Values are presented as means  
SD; †, ††, ††† and *, **, *** indicate a significant difference between young and old and 
normal and high adiposity respectively at P < 0.05, P < 0.01 and P < 0.001. 
Figure 2. The effect of age and adiposity on absolute concentric torque (A, D), torque 
normalised to body mass (B, E) and torque normalised to segmental muscle mass of the 
dominant leg (C, F) of the knee extensors and flexors. Values are presented as means  SD; 
†, ††, ††† and *, **, *** indicate a significant difference between young and old and normal 
and high adiposity respectively at P < 0.05, P < 0.01 and P < 0.001. 
Figure 3. The effect of age and adiposity on absolute eccentric torque (A, D), torque 
normalised to body mass (B, E) and torque normalised to segmental muscle mass of the 
dominant arm (C, F) of the elbow extensors and flexors. Values are presented as means  
SD; †, ††, †††, *, **, *** and ǂ, ǂǂ, ǂǂǂ indicate a significant difference between young and 
old, normal and high adiposity, and YNa and all other groups respectively at P < 0.05, P < 
0.01 and P < 0.001. 
Figure 4. The effect of age and adiposity on absolute eccentric torque (A, D), torque 
normalised to body mass (B, E) and torque normalised to segmental muscle mass of the 
dominant leg (C, F) of the knee extensors and flexors. Values are presented as means  SD; 
†, ††, ††† and *, **, *** indicate a significant difference between young and old and normal 
and high adiposity respectively at P < 0.05, P < 0.01 and P < 0.001. 
Figure 5. The effect of age and adiposity on the fatigue resistance of the elbow flexors (A, B), 
elbow extensors (C, D), knee flexors (E, F) and knee extensors (G, H) following five sets of 10 
concentric or eccentric isokinetic contractions. Values are presented as means  SD; †, †† 
and ††† indicate a significant difference between young and old at P < 0.05, P < 0.01 and P < 
0.001; # and $ indicate a significant difference between YNa and YHa, and YNa and ONa 
respectively at P < 0.05. 
 
